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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
Background: Doxorubicin (DOX) and methotrexate (MXT) 

are strong anticancer agents and gold standard therapy for 
several malignancies, with efficacy restricted by cardiotoxicity. 
Milk thistle extract (MTE) has demonstrated strong antioxidant 
and cytoprotective properties; we sought to determine the role 
of MTE in protection against Dox or MXT-induced cardiac 
damage.

Methods: A total of 35 white albino rats were divided into 
five groups: control, Dox alone (1.66mg/kg/48hr, IP) group, 
MXT alone (oral 0.5mg/kg/48hr, oral) group, Dox+MTE 
group (1.66mg/kg/48hr Dox IP+150mg/kg/day MTE oral), 
and MXT+MTE (0.5mg/kg/48hr MXT oral +150mg/kg/day 
MTE oral) group. The duration of experiment were seven 
days. A histopathological examination was done at the end of 
experimentation.

Results: Dox and MXT use in the rat model has induced severe 
cardiotoxicity with inflammatory cell infiltration, structural 
damage of cardiac tissue, and morphological changes. Milk 
thistle pretreatment extensively saved cardiac architecture.

Conclusions: MTE use with Dox or MXT demonstrated 
marked cardioprotection potential via reduced inflammatory 
cell infiltration and cardiac tissue protection, suggesting that 
MTE could potentially emerge as a valuable tool to block 
cardiac complications in Dox- or MXT-treated patients.

Key words. Doxorubicin, methotrexate, milk thistle extract, 
cardiotoxicity, chemotherapy.
Introduction.

Doxorubicin (DOX) and methotrexate (MXT), considered as 
the most popular and strong chemotherapeutic agents in clinical 
settings for the treatment of oncology, via their efficacy against 
a wide range of malignancies (e.g. breast cancer, lymphomas, 
sarcomas, and acute leukemia), significantly enhance survival 
quality for cancer patients [1,2]. Nonetheless, the indication of 
these anticancer agents is severely restricted by their cardiotoxic 
adverse effects, which can present as acute cardiac dysfunction, 
chronic cardiomyopathy, and eventually congestive heart failure 
[2].

The mechanism of cardiotoxicity is complex, involving the 
generation of reactive oxygen species (ROS), lipid peroxidation, 
mitochondrial dysfunction, DNA damage, and perturbation of 
calcium homeostasis inside cardiomyocyte [3,4]. Dox has a high 
affinity for cardiolipin, mitochondrial membranes' phospholipid, 
which leads to accumulation in heart tissue, resulting in 
oxidative stress and hence progressive myocardial damage [5-
7]. Moreover, doxorubicin hinders iron metabolism, enhancing 
the production of doxorubicin-iron complexes that catalyze free 

radical production through Fenton reactions, further worsening 
cardiac injury [8,9]. While methotrexate induces cardiac injury 
through a cascade of biochemical destruction that starts with its 
blocking of dihydrofolate reductase [10], leading to blocking the 
conversion of dihydrobiopterin to tetrahydrobiopterin, and also 
uncoupling nitric oxide synthase leading to increased apoptosis 
induced by T cells and mitigating the immune response [11]. 

The need for a cardioprotective agent that can mitigate 
anticancer-induced cardiac toxicity without compromising 
anticancer efficacy has directed research into natural compounds 
with cardioprotective impacts, including milk thistle (Silybum 
marianum), due to its antioxidant, anti-inflammatory, and 
cytoprotective properties. The present study aimed to assess 
the cardioprotective role of milk thistle extract (MTE) against 
doxorubicin or methotrexate-induced cardiotoxicity by 
examining histopathological changes.
Materials and Methods.

Study design: The study was ethically approved by the 
College of Medicine (University of Mosul, Iraq), Ref: Session 
30 on 06 October 2025. The experimental part on laboratory 
animals was conducted in the animal house utility of the 
College of Veterinary Medicine (University of Mosul, Iraq). A 
total of 35 rats (age, 10 weeks old; weight, 200 grams) were 
kindly provided by the animal house utility at the College of 
Veterinary Medicine for use in this study. These rats were 
adapted for 2 weeks and handled under standard conditions of 
light/dark cycle, temperature, and humidity, with free access to 
food and water. 
Experimental design:

The 35 rats were subdivided into 5 groups: 
C=Control group (7 rats): were administered normal saline 

(orally, 7 days).
Dox = Doxorubicin group (7 rats): received Dox IP at a dose 

of 1.66mg/kg every other day.
MXT=Methotrexate group (7 rats): received MXT orally at a 

dose of 0.5mg/kg every other day.
Dox+MTE = Doxorubicin and milk thistle group (7 rats): 

received Dox IP at a dose of 1.66mg/kg every other day with 
milk thistle at an oral dose of 150mg/kg/day, for 7 days. 

MXT+MTE = Methotrexate and milk thistle group (7 rats): 
received MXT orally at a dose of 0.5mg/kg every other day with 
milk thistle at an oral dose of 150mg/kg/day, for 7 days. 
Drug preparation:

Drugs have been freshly prepared in the laboratory and 
given to animals orally by gavage needle and IP by syringe 
needles. Doxorubicin inj (Doxo-cell 50 mg, Stadapharm Gmbh 
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(Germany)) was diluted for administration using normal saline. 
Milk thistle extract (300mg, NOW Foods (USA)) and MXT (2.5 
mg, EbewePharma (Austria)) for administration.
Histological examination:

Rats were sacrificed at the end of the experiment by cervical 
dislocation under deep anesthesia. The heart tissues were 
harvested from rats in each group and thoroughly rinsed 
with normal saline and fixed in 10% buffered formalin for a 
few days at room temperature until ready for processing. 
Tissue processing for slide preparation started with alcohol 
dehydration by exposure to graded alcohol to ensure complete 
dehydration, followed by clearing at the end by impregnation 
in xylene (twice, 1 hour each) to remove alcohol, to be ready 
for paraffin embedding and molded in embedding cassettes. The 
formed paraffin blocks were sectioned using a rotary microtome 
at 4-5μm thickness [12]. The slices were placed over slides and 
then deparaffinized and rehydrated to be ready for staining with 
hematoxylin and eosin (H&E), moreover, oil red o staining for 
lipid was used for Dox alone group to stain deposited lipid. 
All slides were examined by light microscopy using a digital 
camera system.
Results.
Control group:

The heart tissue sections from control group rats, showing 
intact cardiac muscle, demonstrating parallel organization of 
muscle fibers in a striated manner. Interstitial spaces inside 
cardiac muscle fiber showed scattered mild lymphocytic 
infiltration (Figure 1).
Dox group:

Cardiac muscle tissue demonstrated vascular congestion 
throughout the myocardium with lymphocytes dispersed 
between the muscle fibers. The cardiac myocytes showed 
disrupted striated shape due to the inflammation and congestion 
(Figure 2A). Adjacent to the cardiac tissue, a hibernating or 
dormant fatty tissue is noted, forming a characteristic contrast 
with the striated heart muscle (Figure 2B).

MXT group:
Cardiac muscle characterized by disrupted cardiac striated 

organization with vacuolation, alongside severe lymphocytic 
inflammation throughout the interstitial spaces between muscle 
fires (Figure 3).

Cardiac muscle characterized by disrupted cardiac striated 
organization with vacuolation, disrupted longitudinal bundles, 
fragmented tissues, alongside severe lymphocytic inflammation 
throughout the interstitial spaces between muscle fires (Figure 4).
MXT+MTE group:

The cardiac muscle demonstrated a striated shape with fibers 
arranged in parallel bundles running in different directions. The 
interstitial spaces between muscle bundles demonstrated slight 
changes, with mild lymphocyte infiltration and slight vessel 
congestion (Figure 5).

The muscle fibers presented with their normal striated pattern 
with slightly congested capillaries within the tissue, alongside 
mild lymphocyte accumulation between the muscle fibers 
(Figure 6).
Dox+MTE:

The cardiomyocyte appeared with their striated longitudinal 
bundles, with severe blood vessel congestion, severe scattered 
lymphocytic infiltration within muscle layers (Figure 7).

The muscle fibers preserved their striated appearance pattern 
and are arrayed in organized bundles arranged longitudinally 
across the field, and slightly dilated blood vessels and capillaries 
appeared between the muscle fibers. The cardiac myocytes 
maintained their structural integrity with visible nuclei and well-
defined cell boundaries. The interstitial spaces appear mildly 
expanded, consistent with the described congestion (Figure 8).
Summarized the histopathological outcome:

MTE has protected the cardiac valve from abnormalities 
compared to Dox or MXT alone, moreover, Dox or MXT have 
moderate to severe focal lymphocytic infiltration in valve tissue 
and acquired abnormal cartilage metaplasia, it reflects structural 
damage and remodelling processes. 

Figure 1. Photomicrograph of the heart section from rats in the control group showing (A) heart muscle with vessels (H&E; x100), (B) heart 
muscle with mild lymphocytic infiltration between muscle fibers (H&E; x400).
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Figure 2. Photomicrograph of the heart section from rats in the Dox group showing heart muscle with severe congestion & extensive lymphocytes 
between muscle fibers (H&E; x400). (B) Heart muscle with adjacent hibernating fat tissue (Oil red O; x100).

Figure 3. Photomicrograph of the heart section from rats in the MXT group showing (A) heart muscle with slightly disrupted striated architecture 
(H&E; x400), (B) heart muscle with severe lymphocytic inflammation between muscle fibers (H&E; x400).

Figure 4. Photomicrograph of the heart section from rats in the MXT group showing. A) heart muscle with severe lymphocytic inflammation 
between muscle fibers (H&E; x400). (B) heart muscle with clear lymphocytes infiltration between muscle fibers (H&E; x400).
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Figure 5. Photomicrograph of the heart section from rats in the MXT+MTE group showing heart muscle with no significant changes (H&E; x400).

Figure 6. Photomicrograph of the heart section from rats in the MXT+MTE group showing heart muscle with slight congestion & mild lymphocytic 
inflammation between muscle fibers (H&E; x400).

Figure 7. Photomicrograph of the heart section from rats in the Dox+MTE group showing heart muscle with slight congestion & mild lymphocytic 
inflammation between muscle fibers (H&E; x400).
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Figure 8. Photomicrograph of the heart section from rats in the Dox+MTE group showing heart muscle with mild congestion (H&E; x400).

Tissue parts C Dox MXT MXT+MTE Dox+MTE

Cardiac muscle

Muscle fiber necrosis Negative Sever necrosis Moderate 
necrosis Weak necrosis Moderate necrosis

Nuclei No changes No changes Slight changes No changes No changes 
Intracardiac 
Capillary Vessels Normal Sever congestion Moderate 

congestion Mild congestion Moderate 
congestion 

Cells infiltrate:
Lymphocytes Mild Sever Sever Mild Sever

Cells infiltrate:
Neutrophils Negative positive positive Negative positive

Cells infiltrate:
eosinophils Negative Negative Negative Negative Negative

Valve changes

Lymphocytic 
infiltrate Negative Sever focal Moderate focal Mild focal Mild focal

Abnormal tissue Negative Cartilage 
metaplasia

Cartilage 
metaplasia Cartilage metaplasia Cartilage 

metaplasia

Subpericardial fat Inflammatory cells
Very slight 
immune cells 
present

Severe 
Infiltration

Severe 
Infiltration Moderate Infiltration Severe Infiltration

Table 1. Summarized outcome of the processed tissues in the studied groups.

MTE has no role in changing the nuclear morphology, 
correspondingly, both groups showed mild congestion of 
intracardiac capillary vessels, reflecting that MTE protective 
effects are limited to the heart rather than the vessels.
Discussion.

The present study confirmed that MTE has provided 
cardioprotection against Dox or MXT in the rat model, as 
confirmed by histological changes induced by Dox or MXT and 
blocked by MTE. The histopathological findings of diminished 
cardiomyocyte injury offered morphological confirmation of 
MTE protective effects at the histological level. The reduced 
rate of myofibrillar interruption, cytoplasmic vacuolization, and 
nuclear disruption revealed in Dox- or MXT-exposed animals 
reflects that MTE defends against the direct cytotoxic effects 
of Dox or MXT on cardiac muscle cells. The protection of 
intercalated disc integrity and protection of normal sarcomere 
organization imply that MTE defends not only individual 
cardiomyocytes but also the structural architecture necessary 
for integration of cardiac contraction. This marked cellular 
protection is important for blocking both acute cardiac 

malfunction and the continuous architecture remodelling that 
discriminates chronic anthracycline cardiomyopathy.

The anti-inflammatory effects of MTE contribute notably in its 
overall cardioprotective profile [13-15]. The histopathological 
study revealed markedly mitigated inflammatory cell infiltration 
and decreased expression of pro-inflammatory markers in 
cardiac tissue in MTE-treated rats [1,16,17]. This outcome 
is congruent with recognized actions of MTE ability to alter 
inflammatory pathways, including nuclear factor-kappa B 
stimulation and intracellular cytokine production [18-21]. The 
blocking of inflammatory biomolecules is clinically related 
because chronic inflammation has a great role in the transition 
from acute cardiac injury to progressive heart failure; hence, 
MTE interrupts this inflammatory cytokine synthesis, providing 
cardiac damage [23,23].

The mechanism of action of MTE in providing protection 
against heart toxicity via antioxidant, anti-inflammatory, and 
cytoprotective activity [24-26]. These actions pertained to 
MTE have provided protection against anticancer-induced 
cardiotoxicity, whose primary cardiac toxicity effects are related 
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to oxidative stress, release of proinflammatory cytokine pools, 
and cardiac tissue damage [2,24].

The use of Dox in children's oncology is associated with 
a high cure rate but restricted by cardiotoxicity, so MTE 
provided cardioprotection [14,21,22]. This safety profile and 
well-documented tolerability profile enable clinical translation 
to potentiate the transfer of MTE directly to clinical settings. 
Assessing whether MTE impedes antitumor efficacy is a 
significant future objective [27,28].
Conclusion.

The study concluded that both Dox and MXT have shown 
cardiotoxicity effects, confirmed by damaged cardiac tissue 
structural components and infiltrated immune cells. The Extract 
of milk thistle has provided protection against either drugs 
by retaining the histological architecture of the heart tissue. 
Moreover, the extract has mitigated inflammatory infiltration in 
rat tissue in both cases.
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